Abstract For a global analysis of gene expression during nodule tissue formation in a model legume, Lotus japonicus, a cDNA array was constructed using 18,144 non-redundant clone set deduced from 3Ј-end expressed sequence tags (EST, Kouchi et al. 2004). In the current study, to obtain peptide coding information from 5Ј-ends of clone, we generated 7,320 5Ј EST sequences. BLAST search against a protein database indicated that 65.5% of the ESTs showed significant similarity to registered sequences. We identified numerous of nodule-enhanced genes, including many involved in diverse cellular processes, suggesting that the EST resources generated in this study will be a useful tool for the identification of genes related to nodulation and symbiotic nitrogen fixation.
Nitrogen is an essential mineral nutrient for plant growth. Most plant species cannot utilize atmospheric nitrogen directly and thus require nitrogenous compounds, such as nitrate and ammonium (Crawford 1995) . One important attribute of legumes, including Lotus japonicus, is their ability to form a stable endosymbiotic tissue, the nodule, with soil bacteria, called rhizobia, that use nitrogenase to synthesize ammonia from atmospheric nitrogen and pass it on to the host plant.
Formation of this symbiotic tissue begins with the perception of secreted rhizobial compounds, Nod (nodulation) factors. Lotus japonicus has been proposed as a model legume for molecular genetic studies of the complex steps after Nod factor perception in symbiotic nitrogen fixation (Handberg and Stougaard 1992) . Many symbiotic mutant lines of L. japonicus have been established for elucidating the pathway of nodule formation (Kawaguchi et al. 2002; Schauser et al. 1998; Szczyglowski et al. 1998) , and the resources required for molecular genetics, such as expressed sequence tags (ESTs), cDNA arrays and high-density genetic maps, are being prepared (Asamizu et al. 2004 (Asamizu et al. , 2000 Hayashi et al. 2001; Kouchi et al. 2004) .
In addition to the morphological and functional differentiation corresponding to nodule tissue formation, the acquisition of nitrogen through endosymbiosis with soil bacteria results in further diverse biochemical and physiological changes in both the host plant and the rhizobia. For the analysis of such complex phenomena, ESTs provide a large amount of information for identifying sequences discovered during genomic research. This approach is useful for understanding gene expression patterns at particular developmental stages of specific tissue types.
Here, we present 5Ј ESTs from nodule primordia, mature nodules, pods, and roots of L. japonicus. The source of the ESTs from L. japonicus were normalized and size-selected cDNA libraries of uninfected roots, and developing pods of L. japonicus MG20 Miyakojima, nodulated roots of the hyper-nodulating mutant har1 (Nishimura et al. 2002) 4 days after bacterial infection, and mature nodules (23 days old) of B-129 Gifu. All of the cDNA libraries were sequenced from the 3Ј-ends, generating a total of 67,916 ESTs (Asamizu et al. 2004 ). Non-redundant ESTs were selected through sequence comparisons, and 18,144 ESTs were chosen for cDNA array construction (Kouchi et al. 2004) . Given that cDNAs from MG-20 seedlings (2 weeks after germination) had already been sequenced from the 5Ј-end (Asamizu et al. 2000) , we selected 9,299 cDNA clones that were not sequenced previously. The EST reads were quality trimmed by the Phred score, at a position where 5 ambiguous bases (Phred score Ͻ16) were found within consecutive 15 bases. We obtained 7,320 reads satisfying (Altschul et al. 1990) . Similarity between a deduced amino acid sequence and a known sequence was judged as significant when the E-value was less than 1.0
Ϫ10
. As a result, 4797 (65.5%) showed significant similarity to known protein sequences. The search result of individual clone is available in our EST Index database (http://est.kazusa.or.jp/en/plant/lotus/EST/). In order to obtain information of functional categories, the Lotus 5Ј ESTs were similarity searched against the Arabidopsis protein sequence dataset provided from the Munich Information Center for Protein Sequencing (MIPS) (http://mips.gsf.de/proj/thal/db/index.html). We classified 4797 genes significantly conserved between L. japonicus and A. thaliana into functional categories according to Gene Ontology (GO), provided by The Arabidopsis Information Resource (TAIR, http://www. arabidopsis.org/) (Figure 1 ). The EST sequences reported here can be found in the GenBank / EMBL / DDBJ database under accession numbers DC592852 through DC600171.
Because the cDNA inserts in libraries can be less than full length or represent the fusion of multiple sequences, knowing the sequence of cDNA clones from both the 3Ј-and 5Јends is very helpful. Further, ESTs (including those we obtained in the present study), cDNA arrays and clustering of expression patterns, the availability of molecular markers, mutant strains, and the mapping of robust quantitative trait loci all provide valuable tools for assessing the function of many genes in plant-rhizobium interactions. 
